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Introduction
Creation of new knowledge through research and development (R&D) is the main engine of technological change, and technological change is the main engine of growth and employment in modern economies. Universities and non-university public research organizations (PROs for short) are important generators of new and possibly useful knowledge (Salter and Martin, 2001) . It is therefore not surprising that policy makers around the globe have undertaken considerable efforts to strengthen the linkages between public research and the private sector.
Driven by the motivation to improve the utilization of new knowledge in the economy, the Bayh-Dole Act of 1980 in the U.S. and similar legislative changes elsewhere advanced technology transfer as one of the main objectives -a "third mission" -of public research.
Even though multiple channels of knowledge transfer including publications, conferences, consulting, and scientist migration to the private sector are relevant for industrial partners (Cohen et al., 2002; Agrawal and Henderson, 2002) , recent legislative activities have often focused on university patenting and licensing as instruments to commercialize scientific results (Bozeman, 2000; Shane, 2002; Sampat, 2006; Kenney and Patton, 2009; von Proff et al., 2012) .
Similar to other "markets for technology" (Arora et al., 2001 ) the market for academic inventions is characterized by substantial information asymmetry between the inventor and the potential licensee (Shane, 2002; Siegel et al., 2003; Lowe, 2006) . More specifically, commercialization of licensed academic inventions is a difficult task for private-sector firms because these inventions are usually far from being readily marketable (Jensen and Thursby, 2001 ) and the underlying knowledge possessed by the original academic inventors -which is often critical for success -is not fully codified (Agrawal, 2006) . This raises relevant issues of how licensees can best enlist the support of academic inventors in their commercialization efforts.
Several empirical studies have studied the commercialization of licensed university technology at the level of individual inventions. This research is limited by the lack of universities and PROs with sufficient numbers of successfully commercialized inventions, in particular outside the U.S.. Existing empirical findings are therefore restricted to a few leading U.S. universities. Licensed inventions by MIT scientists are explored by Shane (2002) , while Lowe and Ziedonis (2006) study the University of California system. Both studies compare startup licensees with established firms, but do not find evidence suggesting
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2 that the former are disadvantaged. Also using data on MIT inventions, Dechenaux et al. (2008) analyze how appropriability conditions affect termination likelihood and the commercialization success of licensees. They find that patent strength and secrecy reduce the risk of license termination. Elfenbein (2004 Elfenbein ( , 2007 explores the significance of contractual provisions and inventor seniority for commercialization outcomes in the empirical context of Harvard University. He concludes that inventors' prior scientific output is positively correlated with future licenses but is uncorrelated with the payment structure or the returns of the technology.
Given the traditionally different ownership model for academic inventions in Europe (Lissoni et al., 2008) and the ensuing lack of licensing data, very little prior evidence exists for Europe. However, studying commercialization outcomes outside the U.S. seems important because it raises issues such licensing to foreign licensees that are less relevant and therefore underexplored in the U.S. context (Arundel and Geuna, 2004) . Within Europe, Germany's large non-university PROs probably provide the best opportunities for empirical research. In this context, Buenstorf and Geissler (2012) study inventions from the Max Planck Society.
They compare the commercialization outcomes for university spin-offs to those of external licensees and fail to find systematic differences.
The contribution of public research to the regional innovation and growth performance has been explored in a long line of prior research. Results have been mixed. Some authors (e.g. Jaffe, 1989; Acs et al., 1992; Jaffe et al., 1993; Anselin et al., 1997; Fritsch and Slavtchev, 2007) suggest that proximity to public research yields substantial benefits to firms' innovativeness. Likewise, Mansfield and Lee (1996) find that firms prefer to work with university researchers who are less than 100 miles away from the firm's R&D laboratories.
Based on a survey of R&D laboratories in the U.S., Adams (2002) concludes that geographic proximity plays a bigger role in university-firm interactions than in firm-firm interactions. Belenzon and Schankerman (2010) find that citation rates of both publications and university patents decline sharply with distance.
Other work tends to see a lesser role for geographic proximity. Audretsch and Stephan (1996) show that the majority of links between university scientists and U.S. biotechnology firms are non-local. Even among spin-off founders, more than 40% of the researchers in their sample established firms outside the region of their university. Similar results have been found for Germany (e.g. Grotz and Braun, 1997) . In their survey of 2,300 German companies, Beise and Stahl (1999) do not detect a higher likelihood to innovate for firms that are located 3 close to universities or polytechnics. They conclude that proximity to public research institutes does not influence the probability of public research-based innovations. However, this result might be due to the geographic differences between Germany and the U.S. as pointed out by Salter and Martin (2001) .
Very little prior work has studied the role of geography in the context of commercializing licensed university inventions. compare the geographic reach of two important knowledge flows, namely patent citations and licenses.
They conclude that licenses are more geographically localized than patent citations. Surveybased work by Santoro and Gopalakrishnan (2001) suggests that geographic proximity favorably affects technology transfer activities between universities and firms. In contrast, controlling for inventor involvement in licensees' commercialization efforts, Agrawal (2006) finds no effects of location on commercialization outcomes.
In the present paper we contribute to this latter line of research, using and extending a dataset with detailed information about licensing activities of the Max Planck Society, Germany's largest non-university public research organization (Buenstorf and Geissler, 2012) . In contrast to the faculty of German universities, Max Planck researchers have never enjoyed the professors' privilege but have consistently been subject to a Bayh-Dole-like IPR regime since the 1970s. This circumstance provides us with a rich dataset encompassing more than 2,300 inventions and about 770 license agreements for the time period 1980-2004. Our data also include detailed information about payments to the Max Planck Society indicating whether or not an invention has been commercialized successfully as well as the magnitude of the returns. Finally, since we know the locations of both the originating Max Planck institute and the private-sector licensee, we can calculate the geographic distance between them.
We use this information to analyze whether and how probability and magnitude of commercial success are affected by geographic distance between inventors and licensees. We do not find evidence suggesting that geographic distance is generally a relevant obstacle to successful commercialization of academic inventions. Significantly negative associations between distance and commercialization success are identified only in two specific instances: first, for spin-off licensees located outside Germany, and second, for foreign licensees within the subsample of inventions with multiple licensees.
The remainder of the paper is organized as follows: The next section presents theoretical considerations about the potential importance of geographic proximity for commercialization success. Section 3 provides information about the technology transfer Jena Economic Research Papers 2011 -061 4 process of the Max Planck Society. Section 4 describes our data and the research design for the empirical analysis, whereas results are discussed in section 5. We conclude and discuss implications and limitations of our analysis in section 6.
Does geographic proximity matter for successful commercialization of university inventions? Distance and commercialization outcomes
In a world of heterogeneous firms, allocating licenses to suitable licensees constitutes a nontrivial problem. Ideally, search processes and negotiations between inventors (or technology licensing offices as their agents) on the one hand and potential private-sector licensees on the other should result in perfect matching: the most suitable licensee (in terms of capabilities and complementary assets) will submit the highest offer for a license and thus become the actual licensee. Similar considerations apply if technologies are licensed non-exclusively. Among all firms interested in licensing a technology, those willing to pay at least as much as the licensor asks for become licensees. Under ideal conditions, this will again allocate licenses to those firms that can expect to gain most from the license because they command superior capabilities and/or better suited complementary assets than other potential licensees.
To structure our further considerations, let us consider the following simple model of the behavior of potential licensees. We assume that firm i is willing to license academic invention j iff its expected profit contribution from commercializing the invention is nonnegative, E(π ij ) ≥ 0. The expected profit contribution depends both on the level of profits that the successful firm can realize from the invention, π ij , and on the probability that commercialization efforts are successful, p ij . We initially assume that only π ij but not p ij depends on the distance s between inventor and licensee (we will relax this assumption later on) such that
where R ij and C ij denote, respectively, revenue and costs of producing and selling products based on the academic invention. R ij depends on inherent (i.e., not distance-related) 
The main reason to expect that costs of commercialization are higher when licensees are located farther away from the inventors of the technology is that distance plausibly increases the cost of inventor involvement. It is well established that at the time of licensing, academic inventions have often not been developed beyond the proof of concept stage or a lab scale prototype. Based on a survey of technology transfer managers of U.S. universities, Jensen and Thursby (2001) find that more than 75 percent of all licensed inventions were at an early stage of development. Under these conditions licensees need to make substantial R&D efforts of their own to obtain a marketable product from the licensed invention.
Several studies have moreover found that the success of these additional efforts is highly dependent on the continued involvement of the academic inventor(s) (Jensen and Thursby, 2001; Thursby and Thursby, 2004; Agrawal, 2006) . One explanation for this finding is that not all elements of knowledge underlying academic inventions are accessible to licensees. Licensees' absorptive capacities (Cohen and Levinthal, 1990 ) may be insufficient to fully appreciate all information related to academic inventions. Since these inventions tend to be highly complex and involve knowledge from overlapping disciplines, they are often far from the knowledge base of the licensee (Agrawal, 2006) . In addition, relevant knowledge may be partially tacit (Polanyi, 1966; Arora, 1995) , i.e. it cannot adequately be codified using patents, publications or blueprints.
According to Agrawal (2006) and Kahn, 1996) . Technology transfer has therefore been described as a "contact sport" in which the transfer of knowledge necessitates the participation of the inventor and requires face-to-face communication . Geographic proximity reduces the cost of face-to-face interaction due to reduced travel costs and time losses (Beise and Stahl, 1999; Santoro and Gopalakrishnan, 2001 ). This should be most important for high-level scientists with high opportunity costs of time used for interaction with licensees rather than for doing research (Stephan, 1996) .
The main objective of our empirical analysis is to find out whether the dependence of expected profits on distance implied by (2) can be found in empirical data. To do so, we have to be more specific as to how we expect potential licensees to react to distance, and how this reaction would affect the observable outcomes of commercialization activities: the likelihood of successful commercialization and the profits realized through commercialization. A variety of outcomes (or scenarios) can be considered plausible in this context.
We take as our benchmark scenario (Scenario 1 in Table 1 ) the possibility that, in contrast to the above considerations, distance does not substantially influence commercial success from a license. In this case, we would expect that neither the likelihood to successfully commercialize licensed technologies nor the level of profits realized through commercialization vary with the distance between inventors and licensees.
Alternatively, assume that distance does affect the expected profit contribution from the commercialized technologies in non-negligible ways. In (2) we assumed that distance increases the cost of commercialization. Depending on what assumptions we make about firm heterogeneity and the effectiveness of competition for the license, this may still lead to different outcomes. One possibility is that firms are highly heterogeneous. This does not seem an unreasonable assumption as markets for technologies from public research are usually thin:
the number of firms interested in, and capable of, further developing and marketing academic inventions is in most cases small (Contractor, 1981; Jensen and Thursby, 2001 ). Accordingly, it may well be that the most suitable licensee for a specific technology happens to be located far from the academic inventors, and that its expected profits from licensing exceed those of more closely located potential licensees even after accounting for the costs of distance. (In the extreme case, it may be the only potential licensee expecting to generate positive profits from licensing the technology.) Aware of the fact that interaction with the inventors will be costly, the maximum price that this potential licensee is willing to pay for the license will be adjusted 7
downward. Yet since there are no better offers from other potential licensees, the licensor may agree to the firm's terms and the licensing agreement will be concluded. As a consequence, we expect that a distant licensee's profits from successful commercialization are smaller than if the same technology had been licensed to a (hypothetical) identical licensee located more closely to the inventors. In the aggregate, longer distances between licensees and inventors should then be associated with lower profits (Scenario 2 in Table 1 ).
Now assume a slightly different situation where two potential licensees compete for a license on the same academic invention. One of them is more distant; i.e. it has to bear higher costs of commercialization according to (2). To obtain a license, the more distant licensee needs to offer at least the same price as the more closely located competitor. This is only consistent with the non-negativity constraint for expected profits if the more distant competitor has a higher inherent probability of successful commercialization compensating for its disadvantage in costs. Otherwise, it will not be able to license the invention. Put differently, the observable set of licensing agreements is truncated with more distant licensees having a higher minimum probability of success. In this situation, we would therefore expect to find that inventions licensed to more distant licensees yield lower profits, but have a higher chance of being commercialized. This outcome is expressed as Scenario 3 in Table 1 .
There are yet further possible patterns of outcomes. Equation (2) assumed that distance reduces profit π ij by increasing the cost C ij of commercializing academic inventions, but does not reduce the probability p ij of successful commercialization. This is obviously a restrictive assumption. We now explore the symmetric possibility that distance only affects p ij but not C ij . For example, imagine that licensees have a fixed budget for inventor interaction (or inventors have a fixed amount of time allocated for firm contacts). Increasing distance between licensee and inventor would then reduce the intensity of interaction, which would lower the chances that a successful outcome is realized. We can express this situation in a variant of equation (2) where p ij is a function of distance (with ∂pij(s)⁄∂s ൏ 0) while C ij no longer depends on distance: A look at Table 1 shows that it is difficult to come up with unequivocal predictions regarding the effect of distance on commercialization outcomes. In Scenarios 2-5, There is a plausible scenario in which we would expect more distant licensees to have higher commercialization likelihoods and higher profits from commercialization (Scenario 6
in Table 1 ). In this scenario, we need to assume that local firms may obtain licenses for academic inventions even though they are inherently inferior to more distant firms. This could have different reasons. One simple possibility is that distant firms lack information about profitable licensing agreements. Alternatively, it could be that licensors of academic inventions are discriminating against more distant potential licensees. This latter assumption 9 is plausible in the context of academic inventions since some universities and other PROs pursue regional development objectives as part of their general missions and more specifically in their technology transfer activities (Belenzon and Schankerman, 2009) . If these objectives induce technology licensing offices to license inventions to local firms even though they are inferior to more distant competitors, local licensees may show a weaker commercialization performance, in terms of both commercialization likelihoods and profits, than their more distant counterparts.
Licensee-specific effects of distance
The above considerations about the costs of distance suggest that all other things being equal, it may be attractive for licensees to be in the proximity of academic inventors, even in a world where technology has dramatically improved the possibilities and reduced the costs of codifying and transmitting knowledge across the world by electronic communication superhighways. In addition, we assumed that all licensees are not equal.
Some forms of heterogeneity seem especially relevant. In particular, being less well equipped with capabilities and complementary assets (Teece, 1986; Teece et al., 1997; Shane, 2002 ) academic spin-offs may be more reliant on inventor cooperation. By definition, spinoffs are organized by academic inventors. Note, however, that often not all inventors of a technology join the spin-off. Moreover, even if all inventors are part of the spin-off team, proximity to the institute where an invention was made may still yield benefits to the firm because knowledge held by prior co-workers in the institute is relevant for its further development efforts. Differences between spin-off and external licensees may be further pronounced because successful commercialization of a specific invention will often be more relevant for the survival of a recently established spin-off licensee than for an external incumbent licensee (Lowe and Ziedonis, 2006) . Furthermore, spin-off licensees can be expected to be more flexible in their location decisions than external licensees, which in our empirical context are almost exclusively established incumbents tied to their pre-existing locations. Given these potential differences, we will allow the effects of distance on commercialization outcomes to differ across licensee types in our empirical analysis. Problems of knowledge transfer and efficient collaboration caused by geographic distance may be further increased for foreign licensees because international travel tends to be more costly and time consuming than domestic travel. Cultural and linguistic differences also play an important role, particularly if frequent face-to-face contact is required to access tacit knowledge (Maskell and Malmberg, 1999; Leamer and Storper, 2001) . This is particularly important in a more open European Union, where licensees in border regions can be geographically close to a public research institution but separated by different languages and cultures (Arundel and Geuna, 2004) . To allow for the possibility that cultural and linguistic differences rather than geographic distance drive differences in commercialization outcomes, we will distinguish between domestic and foreign licensees in the empirical analysis.
Empirical context: the Max Planck Society
We analyze the geographic dimension of licensing in the context of the German Max Planck 
Data and methods
Data
The present study is based on information provided by Max Planck Innovation GmbH that has been analyzed in earlier work by Buenstorf and Geissler (2012) . The dataset covers all inventions disclosed by Max Planck researchers from the mid-1960s to the beginning of 2005.
In total 3,012 inventions have been disclosed to the Max Planck Society, of which 1,885 resulted in a patent application. Information is available about the date of disclosure and patent application, the institute that the respective invention comes from, invention-specific characteristics such as the involvement of senior scientists, as well as whether an invention has been licensed or not. 
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Variables
In line with the considerations in section 2, the subsequent empirical analysis employs two different indicators of successful commercialization. First, we constructed a binary variable indicating all license agreements leading to positive royalty payments for the Max Planck Society. Second, to also account for differences in the returns from license agreements, we employ the logged sum of discounted royalty payments from the licensee to the Max Planck Society as an alternative indicator of commercial success. Royalty payments are mostly proportional to the licensee's total revenues from the commercialized academic invention.
They constitute the best proxy we could obtain for the profit contribution made by the respective invention (cf. also Lowe and Ziedonis, 2006 Planck Society licenses its inventions on a global scale, geographic distance ranges from 0 to more than 16,000 kilometers.
As the distribution of distances is highly skewed we employ the natural logarithm of this variable (Figure 2a) . Alternatively, distance is measured by a set of indicator variables for different ranges. To pick up interactions within the same urban area, our smallest category includes all distances shorter than 50 kilometers. 4 The other distance ranges are 50-100 kilometers, 100-500 kilometers (corresponding to the maximum distance that can normally be covered in a daytrip), as well as all distances larger than 500 kilometers. To study international licensing, licensees are further classified in domestic and foreign according to their postal address. Because our theoretical considerations focus on physical distance between the parties to a license agreement, foreign subsidies located in Germany are counted 3 Even though Germany is a relatively small country, accounting for the earth's curvature is relevant in our context because of the presence of international, particularly intercontinental license agreements. Travel times are inferior to geographic distance in our context because they vary over time and are difficult to reconstruct reliably for earlier years. We also employ information about patent applications related to licensed inventions.
Patent applications indicate that intellectual property on the underlying technology can in principle be obtained. This could facilitate commercialization because it is less risky for the licensee to spend money on the further development of the technology. On the other hand, with patented inventions, strategic use of the intellectual property and "shelving" become options for the licensee, which may be reflected in reduced commercialization rates (cf.
15 Buenstorf and Geissler, 2012) . Finally, to control for differences across technology fields, licensees are classified into three broad sectors using standard industrial classification (SIC)
codes. More precisely, we first divided firms into manufacturing, services, and others.
Manufacturing firms were then further divided into chemical products, instruments and related products, as well as other manufacturing products and equipments. This makes for a total of five different fields of licensees.
Empirical approach
To assess the influence of geographic distance on commercialization outcomes, we estimate a set of models where we regress our measures of commercial success on a variety of licensee and technology characteristics, controlling for time effects. This leads to the general model: Tobit models are employed to estimate models in which accumulated license payments are the dependent variable. Payments are left-censored at zero which is taken into account in the Tobit models. Given that accumulated payments are highly skewed, we employ the natural log. Throughout the analysis, standard errors clustered by inventions are estimated to control for the occurrence of multiple licensing of the same technology.
Our empirical analysis is subject to several econometric concerns. One of these is selection bias, which may be caused by two different processes. First, commercialization outcomes are only observable for the subset of licensed inventions, which are a non-random sample of all inventions. To control for the bias that could result from non-random selection into licensing, we applied the two-stage estimation procedure proposed by Heckman (1979) .
As we show in more detail in the appendix, inventor characteristics are well-suited to explain selection into licensing. The empirical results of the Heckman models (reported in Table A1 in the appendix) indicate that non-random selection into licensing is not of major concern for 16 our sample, as we cannot reject the null hypothesis that commercialization outcomes are independent of selection into licensing.
The second potential selection problem concerns licensee characteristics. Specifically, licensing decisions of spin-offs may differ substantially from those of external licensees. This is consistent with the empirical results obtained by Buenstorf and Geissler (2012) in the empirical context of the present study. To allow for differences in the factors shaping commercialization outcomes of both licensee types, including our distance measures, we estimate our principal models jointly for spin-offs and external licensees, and also separately for the two types of licensees.
The sample split into spin-offs and external licensees also helps to limit the problem that distances between inventors and licensees may not always be exogenously given.
Endogenous location choices driven by the objective to be close to the origins of the licensed technology are a particularly relevant concern in the case of (first-time) spin-off licensees. In contrast, most external licensees in our sample are large, pre-existing firms, and there are no indications they set up new facilities to commercialize in-licensed Max Planck technologies.
We address the endogeneity issue by re-estimating (3) using instruments for the inventor-
Finally, while we analyze a homogeneous institutional context and control for a range of licensee and technology characteristics, unobserved heterogeneity across inventions may still affect observed commercialization outcomes. For the majority of inventions (those licensed to a single firm), we cannot avoid this problem. However, for the smaller subset of inventions that were licensed non-exclusively to different firms, we also report results from model specifications controlling for invention-specific effects.
Results
We begin by estimating how the distance between inventors and licensees is related to the likelihood that a licensed invention is successfully commercialized (indicated by positive royalty payments). Model 1a (Table 6 ) is estimated for the full population of licensed inventions. It finds no evidence that commercialization outcomes vary with the distance between inventors and licensees. Significant marginal effects are obtained for several other variables included in the model. First, more recent inventions are less likely to be commercialized than older ones. This finding (which is also reproduced in the subsequent models) may in part reflect the right-censored nature of our data. However, we suspect that it also indicates a reduced average quality of inventions, which may result from new entry of inventors into the market for technology. 7 Second, we find that patented inventions are less often commercialized than those for which no patent application is documented. This result is robust throughout our further analysis. It suggests that both spin-offs and external licensees obtain a substantial share of licenses for strategic reasons. In addition, spin-offs appear to be less likely to commercialize (the marginal effect of the spin-off variable is significant at the 10% level). Model 1b and 1c, respectively, re-estimate the same model separately for spinoffs and external licensees. The main result of Model 1a is reproduced: geographic distance is not systematically associated with differences in commercialization likelihoods. As regards the other explanatory variables, differences between the types of licensees are modest.
Tobit estimations of specifications analogous to Models 1a-c but using logged accumulated royalty payments to the Max Planck Society resulting from a license (our proxy of profits) as dependent variable are reported as Models 4a-c in Table 7 . Similar to the results for commercialization likelihood, no systematic effects of geographic distance are suggested by these models. 8 We further probe these findings in Models 2a-c (Table 6 ) and Models 5a-c (Table 7) , where the continuous (log) distance variable is replaced by indicator variables denoting ranges of distances from 50-100, 100-500 and 500+ kilometers. (Inventions licensed within a 50-kilometer range from the inventors form the omitted reference group.) This leads to very similar results for the full sample (Models 2a and 5a) and for the external licensees (Models 2c and 5c). In both cases, neither the likelihood nor the extent of commercial success varies across the distance ranges. In contrast, for the spin-off sample Models 2b and 5b suggest superior outcomes for licensees located in the 100-500 kilometer range from the inventors.
However, similar to Models 1a-c and 4a-c, there is no evidence suggesting that even more distant licensees are disadvantaged vis-à-vis firms located in close proximity to the inventing Max Planck Institute. In addition, none of the positive coefficients obtained in the models is counterbalanced by a negative coefficient for the alternative indicator of successful 7 Similar temporal patterns have been found for patents of U.S. universities (c.f. Henderson et al., 1998) . 8 As a robustness check we alternatively estimated OLS regressions. This did not lead to qualitative differences in results.
commercialization. This is not suggestive of distant firms compensating lower commercialization likelihoods with higher profits or vice versa (as was suggested above in Scenarios 3 and 5).
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In Models 3a-c (Table 6 ) and 6a-c (Table 7) , the continuous distance measure from Models 1a-c (4a-c) is split up into separate measures for domestic and foreign licensees.
Results from these models lend little support to the conjecture that distances across national borders have more adverse effects than domestic distances. For the full dataset analyzed in Model 3a, a significantly positive marginal effect of domestic distance is estimated. The marginal effect for the distance to foreign licensees is significantly smaller (p>0.04) and not significantly different from zero. In the corresponding Model 6a we likewise find a (marginally) significant positive association of domestic distance, but not of foreign distance, to the level of royalty payments. Both marginal effects do not differ significantly from each other (p>0.21). Looking at the individual types of licensees, the most pronounced patterns are obtained for the spin-off licensees studied in Models 3b and 6b. In both models, increasing domestic distance is associated with more favorable outcomes, while increasing distance to foreign licensees is related to inferior commercialization results. In contrast, for the external licensees both measures are insignificant and do not differ from each other (Models 3c and 6c).
As noted above, the distance between inventors and licensees may plausibly be endogenous in the case of newly established spin-offs, which might strategically select their location to benefit from the proximity to the origins of licensed inventions. 10 To address the endogeneity concern, we estimated models of commercializing outcomes using an instrumental variable (IV) for the distance between inventors and spin-off licensees.
Specifically, we identified the founders of all spin-off licensees and retrieved their place of birth, primarily using biographic information from Ph.D. dissertations and from a published directory (Max Planck Society, 2006) . We then calculated the distances between founder birthplaces and the locations of the respective licensing institutes, and used these to 9 We also experimented with (unreported) models using linear and quadratic measures of the continuous distance measure employed in models 1a-c. Both terms are insignificant in all specifications, which is not indicative of systematic effects of distance on commercialization outcomes.
instrument the distance between spin-off location and licensing institute. 11 These distances qualify as an instrument because they are exogenous, correlated with the potentially endogenous distance variable, and do not predict commercialization outcomes. 12 Choosing them as an instrument is based on the empirical observation that entrepreneurial location choices are often biased toward the entrepreneur's home region (cf., e.g., Dahl and Sorenson, 2011) . Even though most scientists move repeatedly during their career, we still expect this bias to show in spin-off location patterns.
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Results of the IV regressions are reported as Models 7 and 8 in Table 8 . Model 7 is an instrumental variable probit regression analogous to the above Model 1b (the coefficient estimates obtained for that model are also reported in Table 8 to allow for comparisons). The IV probit finds a positive association between distance and commercialization likelihood, which however is insignificant and considerably smaller than in the simple probit model.
Coefficients for the other variables are nearly similar to Model 1b. Model 8 uses an IV tobit model analogous to Model 4b. It finds a negative association between distance and levels of royalties, which again is far from attaining statistical significance. We thus conclude that accounting for potential endogeneity of spin-off locations, we still do not find evidence suggesting systematic effects of distance on commercialization outcomes.
Finally, to assess the role of unobserved heterogeneity across inventions, we estimate model variants including indicator variables for each licensed invention to control for invention-specific effects. This approach is obviously limited to the subset of inventions that were licensed more than once (120 inventions yielding a total of 272 observations). Results from these models are of limited generality. Since exclusive access to a technology enhances the chances that a licensee can recoup its R&D expenditures, we would expect those 11 In some cases, information about birth places could not be obtained. Where possible, we used the location of the respective individual's Ph.D. as a substitute. Three observations had to be eliminated from the sample because neither birth places nor Ph.D. locations could be identified. In the case of founder teams, distances were calculated for the first founder listed. We alternatively experimented with selecting the most senior (in terms of academic standing) founder in the team to estimate the distance used as an instrument. While IV regressions using that alternative instrument led to qualitatively identical results to the ones reported below, they are less trustworthy because the instrument is considerably weaker. 12 The instrument's correlation with the distance between spin-off location and licensing institute is 0.32. In a model analogous to Model 1, we obtained a coefficient estimate of -0.002 and a z-value of -0.03 (p > 0.979) for the instrument. Its first-stage F-statistic in a 2SLS IV regression of royalties analogous to Model 4b is 12.048. 13 Recent work in entrepreneurship (e.g., Dahl and Sorenson, 2011) finds a positive association between startup success and regional founder backgrounds, which might compromise the validity of our instrument. However, in addition to not finding a systematic relationship with commercialization outcomes (cf. the previous footnote), this concern seems less relevant in our context because (i) we use information about birthplaces, which are often not close to where founders lived prior to establishing their spin-off, and (ii) we study scientists, who given their career specialization are less likely than other entrepreneurs to possess resources that have been suggested to underlie the success of regional founders (such as in-depth knowledge about local sources of capital).
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inventions that require most further development effort by the licensee to be most likely to be licensed exclusively. They would therefore not be included in the subset of inventions with multiple licensees. We are moreover limited to the level of royalties as a dependent variable, because in many cases there is no variation in the binary outcome variable across the licensees of a single invention.
Three models controlling for invention-specific effects are estimated. Model 9 (Table   9) replicates Model 4a using the log distance measure. This model does suggest that if the same invention is licensed to licensees at different distances, royalty payments decrease with the distance between inventors and licensees, which would be consistent with higher costs of commercialization for more distant licensees. Model 10, however, indicates that this conclusion may be problematic. In this model, which employs the set of indicator variables for the alternative distance ranges, licensees located in the 100-500 kilometer range generate significantly higher royalties than those located less than 50 kilometers away from the inventors. Likewise, licensees located more than 500 kilometers away from the inventors generate higher royalties than those in the 50-100 kilometer range. These nonlinear relationships are hard to reconcile with the argument that increasing distance impedes successful commercialization of academic inventions. Finally, Model 11 distinguishes domestic from foreign licensees. Similar to the pattern we had found above for spin-offs (Model 6b), royalties are positively associated with domestic distances, and negatively with foreign distances. 14 6. Conclusions: a regional mission for technology licensing from public research?
In this paper we studied potential effects of geographic distance on the commercialization of inventions made in public research and licensed to private-sector firms.
Our findings provide little support to the conjecture that the commercialization of academic inventions is harmed by geographic distance between inventors and licensees. Results 14 One further set of models was estimated in which we explored the association of distance and commercialization outcomes changed over time, possibly because of improved communication technology becoming available in the 1990s. The (unreported) results do not suggest systematic differences between the subsamples of pre-1995 and later inventions.
suggestive of adverse effects of distance were only obtained for foreign spin-off licensees, and for foreign firms among multiple licensees of inventions. The above theoretical considerations moreover indicated that a positive association between geographic distance and commercialization outcomes could be consistent with adverse effects of distance, provided that distant licensees self-select into profitable licensing agreements. As we argued above, this should result in higher commercialization likelihoods compensating for lower profits or vice versa (Scenarios 3 and 5 in Table 1 ). While we cannot directly observe licensee profits, based on our proxy variable -accumulated royalty payments to the Max Planck Society -we find no evidence that this kind of compensation can explain the positive coefficients obtained for some distance measures in some models. We thus conclude that geographic distance is generally not an important determinant of commercialization outcomes.
Earlier results obtained by Agrawal (2006) indicate that inventor involvement plays a crucial role for commercialization academic inventions. In light of his evidence, our results suggest that inventor involvement is not seriously impaired by geographic distance, not even for senior and "star" scientists. This interpretation resonates with the earlier findings by Audretsch and Stephan (1996) that the majority of firm-scientist links in U.S. biotechnology were non-local. At the same time, while they only observed that interaction patterns were dispersed geographically, our results provide evidence that this dispersion seems to be functional.
Some universities and public research organizations emphasize their mission to support regional private-sector R&D activities. Preferential licensing to regional firms might be considered as one type of policy to attain this objective. Our results do not suggest this would be an efficient strategy from a societal perspective. This conclusion is in line with the finding of Belenzon and Schankerman (2009) that U.S. universities that pursued strong local development objectives generated about a third less income per license than those that did not.
It runs counter, however, to the importance that policy makers and university administrations often attribute to the role of interactions with regional firms.
The above analysis is not without limitations. While focusing on a single organization helps limit the impact of organizational policies on observed outcomes, the Max Planck Society's dedication to basic research may limit the extent to which our findings generalize to other organizational contexts. In addition, we already discussed potential issues of selection, endogeneity and unobserved heterogeneity. Our estimates addressing these concerns indicate 22 that the main results are not driven by endogeneity or unobserved heterogeneity, but we cannot conclusively rule out this possibility.
In the broader context of regional impacts of public research, the present study indicates that distance may be much less important for knowledge transfer via contractual licensing relationships between public research and private sector firms than for other transfer channels such as disclosure via publications and patents or labor mobility. Apparently, some of the "real effects of academic research" (Jaffe, 1989) are more localized than others, and the multidimensional nature of knowledge transfer is still not sufficiently well understood. 
Appendix A
Commercialization of technologies from public research is a two-stage process. Technologies first have to be licensed. The attempt to sell products based on the licensed technology then constitutes the second stage, particularly because inventions from public research are often embryonic in nature (Jensen and Thursby, 2001; Agrawal, 2006) . Not all inventions from public research are licensed, and selection of technologies into licensing is most likely not a random process. It therefore seems a valid concern that non-random selection into licensing may lead to biased results when the commercialization odds of licensed technologies are analyzed.
In this appendix we show that the empirical analysis presented above is not invalidated by non-random selection into licensing. For this purpose, the two-stage methodology developed by Heckman (1979) is adopted. An equation for selection into licensing is estimated first, which then informs the second stage equation estimating commercialization outcomes.
In the first stage, the selection equation predicts the likelihood that an invention will be licensed. The underlying selection equation looks as follows:
where z are observable variables and v is an unobserved error term. s is equal to 1 if an invention has been licensed and commercial success is observable and zero otherwise. The prediction from the first stage is used to calculate the inverse Mills ratio as ߣ(ࢠ ߛ). The inverse Mills ratio is then included as an additional exogenous variable in the modified version of commercialization equation (3):
For the Heckman model to be consistent, the selection equation must include exogenous variables that determine sample selection, i.e. the probability of licensing, but do not directly affect the outcome of interest, i.e. successful commercialization. Results by Buenstorf and Geissler (2012) In line with the empirical strategy employed above, two types of models are employed to control for selection bias: To investigate the likelihood of commercial success we initially employ Probit models at both the selection and the outcome stages. Subsequently, Probit models are employed in the selection stage whereas the outcome stage estimates the magnitude of cumulated royalties.
Results of the various model specifications are reported in Table A1 -A2. 15 The inverse Mills ratios as an additional exogenous variable are not significant in each regressed model.
This implies that the null hypothesis that both the likelihood and the magnitude of commercial success are independent of selection into licensing cannot be rejected throughout. Estimations obtained in the outcome models are quite similar to the corresponding Probit and Tobit models with respect to directions and significance levels. 15 We report results of the second stage, i.e. the likelihood and magnitude of commercial success. Results of the first stage, i.e. the likelihood to license, or the likelihood to license to each subgroup (spinoffs, externals) are available upon request. 
